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(54) SEMICONDUCTOR LASER 

(57)Abstract: 

PURPOSE: To generate a crossover mode and a bistable 
property in optional light output by generating a crossover 
mode with which the emitted light distribution on both edge 
faces makes a mirror image with each other by the 
simultational oscillation of two resonance modes. 
CONSTITUTION: WG1 to WG4 are formed by dividing an 
active waveguide region into four parts, and the power 
outputted from the WG1 to WG4 is formed into P1 to P4. 
When a carrier (carrier density N2 to N4) has oblique 
distribution, the light pattern emitted from both edge faces 
make a crossover mode and a mirror image is formed. When 
the carrier has an oblique distribution as above— mentioned 
the light distribution of a resonant transverse mode, which 
does not change its shape even after making a round-trip, 
also has an oblique distribution. The shape of the two 
resonance modes is almost determined by the distribution of 
refractive index, and the selection of either of the above- 
mentioned modes (or both of them) is determined by gain 
distribution. A crossover mode can be generated against the 

light output in a wide range by making a calculation taking into consideration of the simultaneous 
oscillation of two modes. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated 



CLAIMS 



[Claim(s)] 

[Claim 1] Semiconductor laser characterized by having two parallel waveguides, and generating 
crossover mode in which outgoing radiation light distribution in a both-ends side serves as a mirror 
image mutually by the coincidence oscillation in two resonance modes, and having bistability nature 
between crossover modes. 
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3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the semiconductor laser which carries out the 
method of a rare oscillation of generating the crossover mode in which the output light distribution in 
a both-ends side serves as a mirror image mutually, about the twin stripe laser which has two parallel 
waveguides by association of the light from the waveguide which is especially one side to another 
side. 

[0002] In the conditions which generate crossover mode, since this semiconductor laser serves as 
bistability between crossover modes with almost symmetrical optical distribution of that, it can be 
used as optical memory, an optical switch, and a light logic device. 
[0003] 

[Description of the Prior Art] In symmetrical inrush current distribution, the usual semiconductor laser 
carries out outgoing radiation of the symmetrical light. On the other hand, in twin stripe laser (the 
number of what have large cathode is one) with two parallel anode plates, there is an oscillation 
gestalt from which outgoing radiation light distribution is a non-object, and the distribution in a both- 
ends side becomes a mirror image mutually in spite of a symmetrical inrush current. This means that 
it crosses to the waveguide of another side, and moves and goes to it from one waveguide, and is 
named crossover mode. One anode plate and at least two cathode are not cared about at all at this 
reverse. However, since there is fear of confusion with the usual laser of 1 anode-plate 1 cathode 
when it is called two electrodes, let two be an anode plate for convenience in this patent. By actual 
laser, since the electron hole of diffusion is later, usually the anode plate is made into two. 
[0004] At first, although this mode was an imperfect form, it was experimentally discovered by White 
and Carroll in 1 983. Although the generating mechanism was unknown long, it was theoretically 
clarified by Watanabe and others seven years after, and becoming bistability was also shown 
(reference [1 , 2]). 
[0005] 

[Problem(s) to be Solved by the Invention] In the case of the optical output of a very narrow range, in 
the theory indicated by application of the point by this invention persons, and Japanese Patent 
Application No. No. (reference [1]) 78415 [ two to ], it was restricted that crossover mode and 
bistability nature appear. This invention improves this point sharply. 
[0006] 

[Means for Solving the Problem] It is characterized by for this invention having two parallel 
waveguides, and generating crossover mode in which outgoing radiation light distribution in a both- 
ends side serves as a mirror image mutually by the coincidence oscillation in two resonance modes, 
and having bistability nature between crossover modes. 
[0007] 

[Function] the reason of a limit [ in / first / at this invention / Japanese Patent Application No. No. 
78415 / two to ] — ** — it is shown similar or that it is because only one oscillation in ** similar 
resonance mode was taken into consideration, and it calculates in consideration of the coincidence 
oscillation in both the modes. Consequently, in the conventional theory, the stable solution which did 
not exist is found out and it is shown to the optical output of a large range that crossover mode 
promotion is possible. 

[0008] It is shown that crossover mode and bistability nature appear from that 2 mode coincidence 
oscillation takes place in the field in which a stable solution did not exist conventionally and the 
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optical output of a very large range, i.e., the conditions searched for by Japanese Patent Application 
No. No. 7841 5 [ two to ], in the strong optical output of arbitration by theoretical consideration and 
computer simulation. 
[0009] 

[Example] Here, the ** similar mode shows an example based on the model of application of the point 
which plays a main role. Also when the ** similar mode is based on the model which plays a main role, 
the reason of theory is completely the same and the role in the ** similar mode and the ** similar 
mode only merely interchanges. 

[0010] (1) The laser structure mimetic diagram of a computation model is shown in model drawing 1 . 
Since it is the same as Japanese Patent Application No. No. 78415 [ two to ]. it explains simply. 
Drawing 1 (a) is the plan of laser, classifies the field of activity waveguide into four, and is N1 - N4 
about WG1 - WG4, and each carrier density. It names and is N1 =N4. And N2 =N3 The case was 
investigated. NO It is average carrier density and deltac is (N1-N2) / NO. It is the parameter showing a 
carrier density difference on either side defined. P1 -P4 respectively — WG1 - WG4 from — the 
power which comes out — it is — a carrier — distribution slanting as mentioned above — **** — jf 
it is, the optical pattern by which outgoing radiation is carried out from a both-ends side will serve as 
a mirror image mutually (P1 =P4 and P2 =P3). An electrode is similarly classified into four, and is 
considered and they are WG1 - WG4. It is Cu1 -Cu4 about the current poured in, respectively. It 
carries out. Since it is expressed with the sum of the induction recombination term proportional to 
optical power, and the natural recombination term only depending on carrier density, an inrush current 
is Cu1 =Cu4 and Cu2 =Cu3. It is realized 

[001 1] Drawing 1 (b) is a cross section. Activity waveguide shall have fixed refractive-index ****** 
structure not only in the upper and lower sides but in a longitudinal direction (called embedding double 
hetero structure), epsilona, epsilon 1, and epsilont respectively — the dielectric constant of activity 
(active) waveguide, a longitudinal direction (x directions; lateral direction) clad, and a lengthwise 
direction (direction of y; transverse direction) clad — it is — Re(epsilona) >Re(epsilon 1) »Re 
(epsilont) — relation is given. What is necessary is for it to be small, and to be a little large and just 
to make x which shows the rate of aluminum to Ga become further larger by the lengthwise direction 
clad by the longitudinal direction clad at waveguide in the case of an Alx Ga1-x As material, in order 
to fulfill this condition. In this example, it calculated about the example which made the dielectric 
constant in case there is no carrier epsilona =13.1-0.023i (value of GaAs bulk), epsilonl =12.9, 
epsilont =1 1 .4, barrier layer width of face of 0.1 micrometers, waveguide width of face of 2 
micrometers, and the waveguide gap of 1 micrometer. In order not to complicate count, the sequence 
of searching for electric-field distribution on condition that carrier distribution immobilization first, and 
searching for current distribution required holding these next is taken. Current distribution becomes 
the sum of the term proportional to optical power, and the term only depending on carrier density. 
The detailed count method is stated to reference [1,2]. 

[0012] (2) In resonance mode symmetry current impregnation, supposing an unsymmetrical optical 
output from which the optical output of a both-ends side serves as a mirror image mutually occurs at 
a certain time, the carrier of the strong portion of light will decrease by induction recombination (refer 
to drawing 1 ). Even if unsymmetrical carrier distribution occurs temporarily by this, strength and the 
operation which weakens few places of a carrier will take place the light of a place with many carriers, 
and it will usually return to the original symmetrical pattern at the next moment. However, if this is 
conditions which support the optical distribution whose unsymmetrical carrier distribution like drawing 
1 has power strong against a portion with few carriers in reverse, these optical unsymmetrical 
distribution and unsymmetrical carrier distribution are supported mutually, and can live together under 
a symmetry inrush current. 

[0013] When the conditions of the above-mentioned thing to crossover mode promotion have carrier 
distribution of slant like drawing 1 , it turns out that it is that the mode which has a big peak in 
waveguide with few carriers has the maximum gain. Such [ actually ] conditions exist as shown in 
reference [1, 2]. Since the reason a light strong against the low place of gain appears is complicated, 
it limits for saying that rt relates to lowering a refractive index at the same time existence of a carrier 
raises gain. 

[0014] Thus, when a carrier has slanting distribution, distribution of the light of the resonance 
transverse mode which does not change a form even if restored once also has slanting distribution 
like drawing _2 . This is. L=0.95Lc «Lc) and an example in deltac=0.024. The form in two resonance 
modes is mostly determined by refractive-index distribution, and it is determined which [ of this 
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mode ] (or both) is chosen according to gain distribution. Since (a) has the location where optical 
reinforcement becomes about 0 between waveguides, since the ** similar mode and (b) do not have 
such a location, it calls them ** similar resonance mode. The power of the light spread in the **z 
direction is added Thus, in L<Lc, the ** similar mode has a large peak in the waveguide of a side with 
few carriers at the waveguide of a side with much ** similar mode on a carrier. When this is L<Lc, it 
becomes reverse exactly, and the ** similar mode has a large peak in a side with few carriers at a 
side with much ** similar mode on a carrier. 

[0015] (3) To count result drawing 3 in consideration of 2 mode oscillation, it is P1 in L/Lc=0.95 / P2. 
Cu1 / Cu2 The result of having calculated relation about the range of -0.026 <=deltac<=0.026 is 
shown. Continuous lines are [ a single mode unstable solution and the dashed line of a single mode 
stable solution and a dotted line ] 2 mode stable solutions. The single mode solution of drawing 3 (a), 
(b), (c), and (e) shall be shown in outputted Japanese Patent Application No. No. 7841 5 [ two to ]. 
[0016] An inrush current is mostly expressed with the sum of the induction recombination term 
proportional to optical power, and the natural recombination term only depending on carrier density. 
Current distribution is decided only by carrier distribution in drawing 3 (a) whose output 
photoelectrical force is zero, and they are current ratios Cu1/Cu2 to deltac. It increases in monotone. 
The optical power ratio P1 / P2 While deltac increases from 0 to 0.024, it decreases in monotone. 
This is because the direction of the ** similar mode has high gain, and the power inclines toward WG2 
(and WG3) and goes. In the meantime, the power in the low (therefore, it does not appear) ** similar 
mode of gain inclines toward WG1 (and WG4), and goes. It sets to deltac=0.024 and is P1 / P2. It 
changes to discontinuity at a larger value than 1. This is that for the direction of the gain in the ** 
similar mode ( drawing 2 (c)) becoming high, and switching to the latter rather than the ** similar 
mode ( drawing^ (a)), bordering on deltac=0.024. Therefore, when output light is very small, the slight 
current ratio change in the Cu1 / 2 = Cu1.05 neighborhood brings about the big photoelectrical force 
ratio change by the switch in resonance mode, and it. 

[0017] I will investigate the effect which it has on the graph of the above [ existence of light ]. 
Following drawing 3 (b) is the case of Po=0.22mW. The effect of induction recombination is so large 
that the photoelectrical force is large. Therefore, the lower half whose upper half which is P1/P2 >1 is 
P1/P2 <1 on the right is P1 / P2 to the left. The point which is more nearly separated from 1 moves 
greatly. Consequently, if both of the resonance modes are independent the field (it sets to drawing 3 
(b) and is 1 .03<|Cu1 /Cu2 |<1.07) of the current ratio which does not give a photoelectrical force ratio 
appears. It is the theme of this invention for the solution in this field not to be acquired'but to ask for 
this conventionally. 

[0018] In deltac=0.024 which become discontinuity, since the gain in two resonance modes is equal, 
the 2 mode may live together. However, this possibility was conventionally placed out of 
consideration. The reason fixes and (the frequency in two resonance modes is the same) considers 
the frequency of light, and it is because it was not understood that a form changed after 1 round trip 
and what piled up the electric field in two resonance modes will be in a stable oscillation condition by 
interference. 

[0019] As a result of performing theoretical examination further this time, it became clear by allowing 
different frequency to two resonance modes for 2 mode coexistence to be possible so that it might 
state below. That is, it was able to ask for the optical power ratio in the current field which did not 
have,a solution conventionally like a dashed line. In order for a certain electromagnetic field to serve 
as resonance mode, it is required after 1 round trip a form not only does not to change, but for a 
phase not to change. The frequency to a certain transverse mode is actually determined. by the latter 
conditions. Therefore, although the frequency to the different transverse mode is generally slight, it 
differs. 

[0020] On the other hand, in the theoretical analysis about the transverse mode, in order to give 
frequency first, phase conditions are not usually fulfilled. However, since a phase shift is compensated 
by correction of slight frequency when the number of the transverse modes is one, it is not necessary 
to care mostly, by the way, when the two or more transverse modes exist, it is necessary to take that 
it is alike, respectively, receive and frequency differs into consideration Since there is no interference 
between two resonance modes when this is taken into consideration, optical distribution of a 
coexistence condition becomes what piled up power simply, and can be in a stable oscillation 
condition. Based on such theoretical examination, the portion of the dashed line in drawing 3 was 
calculated. 

[0021] Cu1 / Cu2 required to hold the condition to the increment in deltac (reduction) in these 
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operating points Since it increases (reduction), it is stable. By the above consideration, they are Cu1 
of arbitration / Cu2. It receives and is P1 / P2. It is obtained. 

[0022] Drawing _3 (c) is the case of Po=0.55mW. A part of single mode solution becomes unstable, and 
the dotted line has shown it. This drawing has a very narrow bistability field (0.997<Cu1 / Cu 2 < 
1.003). Especially, even if an inrush current is uniform (Cu1 =Cu2), an unsymmetrical optical output 
called P1/P2 =3 or 1/3 appears. At this time, carrier distribution is also unsymmetrical. Therefore, 
each current required in order to compensate reduction of the carrier by the natural recombination 
and induction recombination which happen by these existence is also unsymmetrical. However, since 
the maximum peak of a carrier and light is in the waveguide of the opposite side mutually, total of 
these two current can become symmetry. The conditions from which such bistability nature by the 
single ** similar mode is obtained are restricted to the range where not only a current ratio but an 
optical output is narrow (0.5 mW<Po<0.7mW). 

[0023] The result in Po=0.88mW is shown in drawing 3 (d). If an optical output is as large as this, the 
stabilization single mode solution in Cu1 / Cu 2 = 1 will disappear. Instead, the bistability nature which 
each stable state becomes from two resonance modes appears. This 2 mode bistability nature 
appears in Po>0.7mW (infinite). 

[0024] If an optical output is increased to 2.2 moremW, as shown in drawing 3 (e), all the single mode 
solutions of the Cu1 / 2 = Cu1 neighborhood will become instability. The current ratio ranges of 2 
mode bistability in this case are 0.9<Cu1 / Cu 2 < 1 .1 , and are far wider than the case of single mode 
bistability. Although this current range becomes large with the increment in Po, the defect that a 
photoelectrical force ratio will approach 1 is also produced. 

[0025] The near-field pattern in the end side at the time of Cu1 / Cu 2 = 1 is shown in drawing 4 . In 
drawing 4 (a), in the case of Po<0.5mW, drawing 4 (b) - (d) shows one side of Po=0.55, 0.88, and a 
2.2mW bistability condition, respectively. Another side is the mirror image which replaced these right 
and left Optical power distribution (continuous line) of (c) and (d) consists of both the ** similar 
mode (dashed line) and the ** similar mode (dotted line). 

[0026] The value of the output photoelectrical force of giving the conventional single mode bistability 
nature had become the minimum of bistability conditions also including the 2 mode, and when it was 
an optical output beyond this, it became clear that crossover mode is obtained. 
[0027] In this example, the optical output was conventionally considered that crossover mode 
bistability nature is obtained only in the narrow field of 0.5-0.7mW, but it became clear that crossover 
mode bistability nature is obtained by this invention in the optical output (obtained by raising the 
whole current level) of bigger arbitration than it. 

[0028] The application as a flip-flop is shown in drawing 5 . The twin stripe laser in a crossover mode 
promotion condition is similar to the set-reset flip-flop in an electronic circuitry alone, drawing 5 — 
current impregnation — being uniform (Cu1 / Cu 2 = 1) — the example in Po=0.55mW (single ** 
similar mocte bistability condition) is shown. A set and the entry of a reset signal, an upper waveguide 
end face, "4", and "3" are defined for a lower waveguide end face "1 " and "2" as the outlet of an 
OU * pi l t and respectively. At first, the maximum peak in resonance mode presupposes that it is 

in " 2 " and "3" as the continuous line showed. Since the output Q is small, this condition is an OFF 
state. It is expected that distribution of light will switch a small lightwave signal (set pulse) to another 
stable state (Q is a large ON state) shown with the dashed line "1" if incidence is carried out. This 
condition is held until incidence of the reset pulse is carried out to "2" Thus, the optical flip flop 
which has ****** like the case of an electronic circuitry is realized by only one twin stripe laser. 
[0029] The switch (it is not bistability) between the ** similar modes and the ** similar modes by this 
switch changing minutely the current ratio in the Cu1 of drawing 3 (a) / Cu2 - 1.05 neighborhood 
needs cautions for it to be different. With the bistability switch of drawing 5 , all the first amounts 
change to the mirror image. Namely, there is a current ratio until it was fixed to 1, it is a bistability 
switch by. temporary optical input (pulse), deltac changes to -0.016 from 0.016, and both optical 
distribution of a continuous line and a dashed line is in ** similar mode. 

[0030] The same function is obtained, also when an optical output is set to Po>0.7mW and it is made 
the 2 modes. By this invention, such a useful function becomes possible in a large optical output 
range. 

[0031] [Bibliography] 

[1] Masanobu Watanabe, I.H.White, J.E.Carroll, "semiconductor laser", the Heisei 2 application for 
patent No. 78415 

[2] M.Watanabe, I.H.White, and and J.E.Carroll, "Analysis of the cross-coupled lateral mode in a twin- 
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stripe four-contact laser with diagonal current injection", and IEEE J.Quantum Electron vol 26 and 

pp.1942- 1953 and 1990 

[0032] 

[Effect of the Invention] By consideration of 2 mode oscillation, generating of crossover mode 
testability nature was attained in the optical output (infinite) of the arbitration which makes a minimum 
the optical output which generates single crossover mode. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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[Drawing 5] 

Q Q 

ft 11 








J 4 










X 


















ft ft 

S R 



[Translation done.] 



http:/ / www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_eije 



04/03/05 



